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APPARATUS AND METHOD TO OBJECTIVELY
MEASURE SENSORY DISCRIMINATION
THRESHOLDS IN THE UPPER AERO DIGESTIVE
TRACT

BACKGROUND OF THE INVENTION

- The present invention relates to an apparatus and a
method to objectively measure sensory discrimination
thresholds by delivering a time and pressure controlled
air puff to the upper sero digestive tract, including, for
example, the oral cavity, pharynx, or supraglottic lar-
ynx of a patient.

Within this application several publications are refer-
enced by arabic numerals within parentheses. Full cita-
tions for these and other references may be found at the
end of the specification immediately preceding the
claims. The disclosures of all of these publications in
their entireties are hereby incorporated by reference
into this application in order to more fully describe the
state of the art to which this invention pertains.

There 1s a dearth of published studies of supraglottic
and pharyngeal sensation in normal healthy controls, in
the elderly, or in those who have suffered from a cere-
brovascular accident (CVA). One of the primary prob-
lems with measuring sensation in this region (the area
innervated by the superior laryngeal nerve) is the pres-

ence of the gag reflex and the relative inaccessibility of

this area in awake individuals. These obstacles preclude
standard sensory discrimination tests such as static and
moving two point discrimination, vibratory testing, and
stereognosis (1).

Knowledge of pharyngeal and supraglottic sensory
discrimination thresholds is particularly important since
hypesthesia or anesthesia in this area of the head and
neck can cause severe dysphagia and an increased fre-
quency of aspiration. Dysphagia and aspiration are
commonly seen 1n the elderly (2), in those who have
suffered a stroke (3), and in patients who have had abla-
tive cancer surgery of the pharynx and larynx (4, 5)
and/or loss of cranial nerves. The development of treat-
ment modalities which address the sensory deficits 1n
the pharynx and larynx is dependent upon defining and
quantifying the sensory deficits in this region. The first
step towards this goal is to establish normal thresholds
for sensory discrimination.

However, as of yet, it appears that no one has been
able to achieve this first step of measuring pharyngeal
sensation in healthy control subjects, much less than in
stroke patients with dysphagia. In other medical fields,
air pulse stimulation of the cornea, or pneumatic tonom-
etry has been used by ophthalmologists in order to
measure intraocular pressure (6). Sensory discrimina-
tion testing using this technique, however, was not
applied to the cornea. Air pulse stimuli have also been
used as a natural stimulus to study the mechanisms
whereby somatosensory systems analyze sensory stimu-
lus patterns (7, 8). Furthermore air pulse stimuli have
been shown to be an extremely sensitive and reliable
method of determining sensory discrimination thresh-
olds in the upper extremity of man (8, 9). However, it

10

15

20

25

30

35

45

50

33

60

appears that no previous method of sensory testing of ¢5

the upper aero digestive tract, including specifically the
oral cavity, supraglottic larynx, or pharynx has been
described.

2

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an
arrangement for testing and determining the sensory
discrimination threshold in an individual at a test site in
the upper aero digestive tract.

It 1s a further object of the present invention to pro-
vide an arrangement for testing and determining the
supraglottic and pharyngeal sensory discrimination
threshold in an individual.

It 1s a further object of the present invention to pro-
vide an arrangement for testing and determining the
supraglottic and pharyngeal sensory discrimination
threshold in an individual without causing excessive
gagging.

It 1s a yet further object of the present invention to
provide an arrangement for testing and determining the
supraglottic and pharyngeal sensory discrimination
threshold in an individual during an otherwme standard
laryngoscopic examination.

According to one aspect of the present invention, an
apparatus for testing sensation in a patient at a test site
in the upper aero digestive tract is provided, comprising
means for generating a time and pressure controlled
puft of air and means, connected to said means for gen-
erating, for delivering the controlled puff of air to the
test site.

According to another aspect of the present invention,
an apparatus for testing pharyngeal and supraglottic
sensation in a patient at a test site in the pharynx or
larynx region is provided, comprising means for gener-
ating a time and pressure controlled puff of air and
means, connected to said means for generating, for
delivermng the controlled puff of air to the pharynx or
larynx region.

According to another aspect of the invention, an
apparatus for testing sensation in a patient at a test site
In the upper aero digestive tract is provided, comprising
a Y-shaped tube with an inlet branch having an inlet end
and first and second outlet branches having respective
first and second outlet ends, the first outlet branch of
the Y-shaped tube being inserted into the patient’s nasal
passage and the first outlet end terminating adjacent the
test site. A pressure transducer is connected to the sec-
ond outlet branch of the Y-shaped tube, axially aligned
with the second outlet end, means for delivering a time
and pressure controlled puff of air to the inlet end of the
Y-shaped tube 1s provided, as well as display means
responsive to the pressure transducer for displaying the
value of pressure detected by the transducer.

According to another aspect of the present invention,
an apparatus for testing sensation in a patient at a test
site 1n the upper aero digestive tract is provided, com-
prising a Y-connector with an inlet end and first and
second outlet ends, a pressure transducer, means for
delivering a time and pressure controlled puff of air to
the inlet end of the Y-connector, a delivery tube with an
inlet end and an outlet end, the delivery tube inlet end
being connected to the first outlet end of the Y-connec-
tor and the delivery tube outlet end being inserted into
the patient’s nasal passage and terminating adjacent the
test site, a sensor tube with an inlet end and an outlet
end, the sensor tube inlet end being connected to the
second outlet end of the Y-connector and the sensor
tube outlet end being connected to the pressure trans-
ducer, and display means responsive to the pressure

transducer for displaying the value of pressure detected
by the transducer.
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According to another aspect of the present invention,
an apparatus for testing sensation in a patient at a test
site in the upper aero digestive tract is provided, com-
prising a flexible fiberoptic telescope inserted at its dis-
tal end into the patient’s nasal passage, the distal end
terminating adjacent the test site, a Y-connector with an
inlet end and first and second outlet ends, a delivery
tube with an inlet end and an outlet end, the delivery
tube being attached to the fiberoptic telescope with the

d

outlet end of the delivery tube adjacent the distal end of 10

the fiberoptic telescope and the inlet end of the delivery
tube extending outside the patient and being attached to
the first outlet end of the Y-connector, a pressure trans-
ducer, a sensor tube with an inlet end and an outlet end,
the sensor tube inlet end being connected to the second
outlet end of the Y-connector and the sensor tube outlet
end being connected to the pressure transducer, means
for delivering a time and pressure controlled puff of air
to the iniet end of the Y-connector, and display means
responsive to the pressure transducer for displaying the
value of pressure detected by the transducer.
According to another aspect of the present invention,
a method for testing sensation in a patient at a test site in
the upper aero digestive tract is provided, comprising
generating a time and pressure controlled puff of air and
delivering the controlled puff of air to the test site.
According to another aspect of the present invention,
a method for testing pharyngeal and supraglottic sensa-
tion in a patient at a test site in the pharynx or larynx
region 1s provided, comprising generating a time and
pressure controlled puff of air and delivering the con-
trolied puff of air to the pharynx or larynx region.

According to another aspect of the present invention,

a method for testing pharyngeal and supraglottic sensa-
tion in a patient at a test site in the pharynx or larynx
region 1s provided, comprising generating six blocks of
time and pressure controlled puffs of air, each block
including ten puffs of air, each succeeding puff of air in
a block differing by a pressure of about 7.5X10—2 mm
Hg as compared to the preceding puff of air, and deliv-
ering each block of time and pressure controlled puffs
of air to the pharynx or larynx region, with a rest period
between blocks of about 30 seconds.

According to another aspect of the present invention,
a method for testing pharyngeal and supraglottic sensa-
tion in a patient at a test site 1n the pharynx or larynx
region is provided, comprising inserting a first outlet
end of a Y-shaped tube into the patent’s nasal passage
adjacent the test site, delivering a time and pressure
controlled puff of air to an inlet end of the Y-shaped
tube, measuring the air pressure at a second outlet end
of the Y-shaped tube, and displaying the measured air
pressure.

These and other advantages will become apparent
from the detailed description accompanying the claims
and attached drawing figures.

DESCRIPTION OF THE DRAWINGS

FIG. 11is an upper aero digestive tract sensation mea-
surement apparatus according to a first embodiment of
the present invention;

FIG. 2 is an upper aero digestive tract sensation mea-
surement apparatus according to a second embodiment
of the present invention; and

FIG. 3 is an upper aero digestive tract sensation mea-
surement apparatus according to a third embodiment of
the present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

According to one aspect of the present invention, an
apparatus for testing sensation in a patient at a test site
in the upper aero digestive tract is provided, comprising
means for generating a time and pressure controlled
puff of air and means, connected to said means for gen-
erating, for delivering the controlled puff of air to the
test site.

The means for generating a time and pressure con-
trolled puff of air preferably comprises a source of high
pressure air, a pressure regulator receiving the high
pressure air, a valve receiving regulated air from the
pressure reguiator, and means for controllably driving
the valve to open and closed positions.

‘The means for controllably driving the valve to open
and closed positions preferably comprises a trigger
circuit producing trigger signals, a valve driver produc-
ing drive signals responsive to the trigger signals input
from the trigger circuit, and an electrically controlled
valve, the open or closed state of which is responsive to
drive signals input from the valve driver. The trigger
circutt may produce variable duration trigger signals.

According to another aspect of the present invention,
an apparatus for testing pharyngeal and supraglottic
sensation in a patient at a test site in the pharynx or
larynx region is provided, comprising means for gener-
ating a time and pressure controlled puff of air and
means, connected to said means for generating, for
delivering the controlled puff of air to the pharynx or
larynx region. |

The means for generating a time and pressure con-
trolled puff of air preferably comprises a source of high
pressure air, a pressure regulator receiving the high
pressure air, a valve receiving regulated air from the
pressure regulator, and means for controllably driving
the valve to open and closed positions.

The means for controllably driving the valve to open
and closed positions preferably comprises a trigger
circuit producing trigger signals, a valve driver produc-
ing drive signals responsive to the trigger signals input
trom the trigger circuit, and an electrically controlled
valve, the open or closed state of which is responsive to
drive signals input from the valve driver. The trigger
circuit may produce variable duration trigger signals.

The present invention also provides an apparatus for
testing sensation in a patient at a test site in the upper
aero digestive tract, comprising a Y-shaped tube with
an 1let branch having an inlet end and first and second
outlet branches having respective first and second out-
let ends, the first outlet branch of the Y-shaped tube
being inserted into the patient’s nasal passage, the first
outlet end terminating adjacent the test site, a pressure
transducer connected to the second outlet branch of the
Y-shaped tube, axially aligned with the second outlet
end, means for delivering a time and pressure controlled
puff of air to the inlet end of the Y-shaped tube, and
display means responsive to the pressure transducer for
displaying the value of pressure detected by the trans-
ducer. The first and second outlet branches may be
substantially the same length.

The means for delivering a time and pressure con-
trolled puff of air to the inlet end of the Y-shaped tube
preferably comprises a source of high pressure air, a
pressure regulator receiving the high pressure air, a
valve, connected between the pressure regulator and
the inlet end of the Y-shaped tube, receiving regulated
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air from the pressure regulator, and means for controlla-
bly driving the valve to open and closed positions.
The means for controllably driving the valve to open
and closed positions preferably comprses a trigger
circuit producing trigger signals, a valve driver produc-
ing drive signals responsive to the trigger signals input
from the trigger circuit, and an e¢lectrically controlled
valve, the open or closed state of which is responsive to
drive signals input from the valve driver. The trigger
circuit may produce variable duration trigger signals.
The display means responsive to the pressure trans-
ducer for displaying the value of pressure detected by
the transducer preferably comprises a transducer circuit
responsive to input from the pressure transducer and a
display responsive to input from the transducer circuit.
The display may be a Light Emitting Diode display.
The pressure transducer may be connected to the
second outlet branch of the Y-shaped tube about 2 mm
from the second outlet when the test site 1s about 2 mm
from the anterior wall of the patient’s pyriform sinus.
According to another aspect of the invention, an
apparatus for testing sensation in a patient at a test site
in the upper aero digestive tract is provided, comprising
a Y-connector with an inlet end and first and second
outlet ends, a pressure transducer, means for delivering
a time and pressure controlled puff of air to the inlet end
of the Y-connector, a delivery tube with an inlet end
and an outlet end, the delivery tube inlet end being
connected to the first outlet end of the Y-connector and
the delivery tube outlet end being inserted into the
patient’s nasal passage and terminating adjacent the test
site, a sensor tube with an inlet end and an outlet end,
the sensor tube inlet end being connected to the second
outlet end of the Y-connector and the sensor tube outlet
end being connected to the pressure transducer, and
display means responsive to the pressure transducer for
displaying the value of pressure detected by the trans-
ducer. The delivery tube and the sensor tube may be

substantially the same length.
According to another aspect of the invention, an

apparatus for testing sensation in a patient at a test site
in the upper aero digestive tract is provided, comprising
a flexible fiberoptic telescope inserted at its distal end
into the patient’s nasal passage, the distal end terminat-
ing adjacent the test site, a Y-connector with an inlet
end and first and second outlet ends, a delivery tube
with an inlet end and an outlet end, the delivery tube
being attached to the fiberoptic telescope with the out-
let end of the delivery tube adjacent the distal end of the
fiberoptic telescope and the inlet end of the dehvery
tube extending outside the patient and being attached to
the first outlet end of the Y-connector, a pressure trans-
ducer, a sensor tube with an inlet end and an outlet end,
the sensor tube inlet end being connected to the second
outlet end of the Y-connector and the sensor tube outlet
end being connected to the pressure transducer, means
for delivering a time and pressure controlled putf of air
to the inlet end of the Y-connector, and display means
responsive to the pressure transducer for displaying the
value of pressure detected by the transducer. The deliv-
ery tube and the sensor tube may be substantially the
same length.

A method for testing sensation in a patient at a test
site in the upper aero digestive tract is also provided in
accordance with the invention, comprising generating a
time and pressure controlled puff of air and deliverning
the controlled puff of air to the test site.
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The method for testing sensation in a patient at a test
site may include the steps of generating a plurality of
time and pressure controlled puffs of air, each succeed-
ing puff of air being of a higher pressure than the last,
and delivering the plurality of time and pressure con-
trolled puffs of air to the test site in sequence.

‘The step of generating a plurality of time and pres-
sure controlled puffs of air may further include the step
of generating, as a first puff, a puff of air with a sublimi-
nal pressure, and as a last puff, a puff of air with a supra-
liminal pressure. The difference between succeeding
puffs of air may be about 7.5 10—2 mm Hg.

According to another aspect of the invention, the
method for testing sensation in a patient at a test site in
the upper aero digestive tract may include generating a
plurality of time and pressure controlled puffs of air,
each succeeding puff of air being of a lower pressure
than the last, and delivering the plurality of time and
pressure controlled puffs of air to test site in sequence.

The step of generating a plurality of time and pres-
sure controlled puffs of air may include the step of
generating, as a first puff, a puff of air with a supralimi-
nal pressure, and as a last puff, a puff of air with a sub-
liminal pressure. The difference between succeeding
pufis of air may be about 7.5X 10—2 mm Hg. |

A method for testing pharyngeal and supraglottic
sensation in a patient at a test site in the pharynx or
larynx region is also provided in accordance with the
invention, comprising generating a time and pressure
controlled puff of air and delivering the controlled puff
of air to the pharynx or larynx region.

The method for testing pharyngeal and supraglottic
sensation I a patient at a test site in the pharynx or
larynx region may include the steps of generating a
plurality of time and pressure controlled puffs of air,
each succeeding puff of air being of a higher pressure
than the last, and delivering the plurality of time and
pressure controlled puffs of air to the pharynx or larynx
region in sequence.

The step of generating a plurality of time and pres-
sure controlled pufis of air may further include the step
of generating, as a first puff, a puff of air with a sublimi-
nal pressure, and as a last puff, a puff of air with a supra-
liminal pressure. The difference between succeeding
puffs of air may be about 7.5X 10—2 mm Hg.

According to another aspect of the invention, the
method for testing pharyngeal and supraglottic sensa-
tion in a patient at a test site in the pharynx or larynx
region may include generating a plurality of time and
pressure controlled puffs of air, each succeeding puff of
air being of a lower pressure than the last, and deliver-
ing the plurality of time and pressure controlled puffs of
air to the pharynx or larynx region.

‘The step of generating a plurality of time and pres-
sure controlled puffs of air may include the step of
generating, as a first puff, a puff of air with a supralimi-
nal pressure, and as a last puff, a puff of air with a sub-
liminal pressure. The difference between succeeding
puffs of air may be about 7.5X 10—2 mm Hg.

According to another aspect of the invention, a
method for testing pharyngeal and supraglottic sensa-
tion in a patient at a test site in the pharynx or larynx
region 1s provided, comprising generating six blocks of
time and pressure controlled puffs of air, each block
including ten puffs of air, each succeeding puff of air in
a block differing by a pressure of about 7.5X 10—2 mm
Hg as compared to the preceding puff of air, and deliv-
ering each block of time and pressure controlled puffs
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of air to the pharynx or larynx region, with a rest period
between blocks of about 30 seconds.

The step of delivering each block of time and pres-
sure controlled puffs of air to the pharynx or larynx
region may include delivering each puff of air at a ran-
dom time within a ten second window. The pressure of
the first puff of air in about one-half of the blocks may
be subliminal and the last puff of air may be supralimi-
nal, and the pressure of the first puff of air in the other
one-half of the blocks may be supraliminal and the pres-
sure of the last puff of air may be subliminal.

According to another aspect of the invention, a
method for testing pharyngeal and supraglottic sensa-
tion in a patient at a test site 1n the pharynx or larynx
region i1s provided, comprising inserting a first outlet
end of a Y-shaped tube into the patent’s nasal passage
adjacent the test site, delivering a time and pressure
controlled puff of air to an inlet end of the Y-shaped
tube, measuring the air pressure at a second outlet end
of the Y-shaped tube, and displaying the measured air
pressure.

The step of inserting the first outlet end of the Y-
shaped tube into a patent’s nasal passage adjacent the
test site may include inserting the first outlet end of the
Y-shaped tube into the patent’s nasal passage and termi-
nating about 2 mm from the test site. The step of insert-
ing the first outlet end of a Y-shaped tube into a patent’s
nasal passage and terminating about 2 mm from the test
site may include inserting the first outlet end of the
Y-shaped tube into the patent’s nasal passage and termi-
nating about 2 mm from the anterior wall of the pa-
tient’s pyriform sinus. The step of delivering a time and
pressure controlled puff of air to an inlet end of the
Y-shaped tube may include delivering a plurality of
time and pressure controlled puffs of air, each of vary-
ing pressure, to the inlet end of the Y-shaped tube.

Referring now to the Figures, FIG. 1 shows an upper
aero digestive tract sensation measurement apparatus
according to a first embodiment of the present inven-
tion, which can be used to perform the method accord-
ing to the present invention. The apparatus is particu-
larly suited for measuring sensation thresholds in the
oral cavity, pharynx, and/or larynx. The preferred em-
bodiment will be described with reference to the supra-
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glottic and pharyngeal regions, but this is by way of 45

example and not by way of limitation.

The apparatus comprises a high pressure air supply 1
feeding pressure regulator 3, that regulates the pressure
of air delivered to valve 5, which 1s a normally closed
valve. Valve § is driven to the open state in response to
drive signals from valve driver 7. Valve driver 7 oper-
ates In response to trigger signals from trigger circuit 9.
In other words, valve driver 7 is responsive to trigger
signals from trigger circuit 9 and valve 5 is responsive
to drive signals from valve driver 7.

The output of valve S 1s connected to the inlet branch
19a of Y-shaped tube 19. The first outlet branch 1956 of
Y-shaped tube 19 is inserted mnto the patient 17 and the
second outlet branch 19¢ of Y-shaped tube 19 is axially
aligned with and is terminated by pressure transducer
13. The first outlet branch 1956 and the second outlet
branch 19c¢ are substantially the same cross-sectional
area, shape, and length. Pressure transducer 13 is con-
nected to and provides input to transducer circuit 11,
which drives display 13.

The operation of a supraglottic and pharyngeal sensa-
tion measurement apparatus according to a first em-
bodiment of the present invention is as follows. The first
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output branch 196 of Y-shaped tube 19 is inserted into
the patient 17 through the patient’s nasal passage (not
shown). The distal end of the first output branch 195 is
inserted deep enough into patent’s nasal passage so that
it is adjacent a test site (not shown). Pressure regulator
3 1s set to a desired pressure value, high pressure air
supply 1 is activated and trigger circuit 9 is adjusted to
deliver a trigger signal of a desired duration. The trig-
ger signal is delivered from trigger circuit 9 to valve
driver 7, which in turn causes valve 5 to enter the open
state for the duration of the trigger signal.

During the time when valve 5 is driven to the open
state, air from pressure regulator 3 is permitted to flow
into the input branch 19z of Y-shaped tube 19. The air
delivered to the input branch 19q of Y-shaped tube 19
then flows into both the first output branch 195, where
it is delivered to the patient 17, and the second output
branch 19¢, where it 1s delivered to pressure transducer
13. Transducer circuit 11 determines the pressure pres-
ent at pressure transducer 13 and displays such pressure
on display 135. Since first outlet branch 195 and second
outlet branch 19¢ are substantially the same cross-sec-
tional area, shape, and length, the pressure displayed on
display 15, as representing the pressure at pressure
transducer 13, also represents the pressure at the distal
end of first outlet branch 194. Multiple air puffs, of
varying durations and pressures, may then be delivered
to patient 17 to determine sensory thresholds.

Referring now to FIG. 2, wherein the same reference
numerals of FIG. 1 are applied to the same parts and
therefore do not require detailed description, a supra-
glottic and pharyngeal sensation measurement appara-
tus according to a second embodiment of the present
invention is shown, which can also be used to perform
the method according to the present invention. In this
Figure, the output of valve 5 is connected to inlet tube
20, which 1s in turn connected to Y-connector 22 that
has two outlet ends. Delivery tube 24 is connected to
the first outlet end of Y-connector 22 and sensor tube 26
is connected to the second outlet end of Y-connector 22.
Delivery tube 24 and sensor tube 26 are substantially the
same length. Delivery tube 24 is inserted into the nasal
passage (not shown) of patient 17, with the distal end of
delivery tube 24 terminating adjacent the test site (not
shown). The distal end of sensor tube 26 is axially
aligned with and terminates adjacent to pressure trans-
ducer 13. This second embodiment operates in the same
manner as the first embodiment.

Referring now to FIG. 3, wherein the same reference
numerals of FIG. 1 are applied to the same parts and
therefore do not require detailed description, a supra-
glottic and pharyngeal sensation measurement appara-
tus according to a third embodiment of the present
invention 1s shown, which can also be used to perform
the method according to the present invention. In this
Figure, the output of valve § is connected to the input
tube 20, which is in turn connected to Y-connector 22
that has two outlet ends. Delivery tube 24 is connected
to the first outlet end of Y-connector 22 and is attached
to the exterior of a flexible fiberoptic telescope 28, with
the distal end of delivery tube 24 being adjacent the
distal end of flexible fiberoptic telescope 28. In this
embodiment, test puffs can be administered to the patent
17 during the course of an otherwise standard laryngo-
scopic examination. The operation of this third embodi-
ment 1S the same as that of the first and second embodi-
ments.
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An experiment conducted using the apparatus and
method according to the present invention will now be
described.

MATERIALS AND METHODS 5

20 healthy adults ranging in age from 24-78 with a
mean of 44 were studied. There were 12 males and 8
females. To measure supraglottic and pharyngeal sen-
sory level, a pressure and duration controlled puff of air
was delivered to the anterior wall of the pyriform sinus
(the area innervated by the superior laryngeal nerve)
via a secondary port located within a standard flexible
fiberoptic telescope (Pentax Precision Instrument Cor-
poration, Orangeburg, NY). The source of pressurized
air was a standard air pump for the delivery of aerosol-
ized medications (e.g. SMR Maxi Cabinets, Storz Surgi-
cal Specialties, St. Louis, Mo.), but the duration and
pressure was controlled and monitored. To determine
an individual’s sensory pressure threshold, air pressure
was varied according to the psychophysical method of 20
limits while the duration of the air puff was held con-
stant at 50 milliseconds (ms). The duration and pressure
of the administered air puff was controlled by the elec-
tronic circuitry, pressure gauge and pressure transducer
of the instant invention.

To deliver a precise amount of air pressure to the test
site in the pharynx and larynx, small diameter flexible
tubing was attached to the fiberoptic telescope and was
matched by a substantially identical length of tubing
travelling via a Y-connector to the pressure transducer
(Motorola, Inc. Phoenix, AZ) so that substantially the
same pressure being delivered to the patient was simul-
taneously being delivered to the pressure transducer.
The flexible fiberoptic telescope was passed into the ;¢
patient via the nasal passage and the distal tip was ad-
vanced until it was located 2 mm from the test site. The

distal tip of the second air tube branch was fixed 2 mm
from the pressure transducer.

PROCEDURE

The fiberoptic telescope was inserted into the nasal
passage and the patient was given a 1 minute rest period
to adapt to the laryngoscope and prepare for testing.
The testing procedure began by orienting the subject to 45
the stimulus with a suprathreshold stimulus given for
five seconds, a duration 100 times as long as that of the
test air puff. After a 15 second rest period, six blocks of
stimulus administration trials were given. Each trial
lasted for approximately 10 seconds, with a 10 second 5
intertrial rest interval. The air puff was administered
after a verbal announcement of the beginning of the trial
at a random time from 2 to 8 seconds within the ten
second trial interval. A detection response was deemed
to occur when the subject raised their hand within 2 55
seconds of actual stimulus presentation. Three blocks of
descending pressure stimulus presentations and three
blocks of ascending pressure stimulus presentation were
randomly ordered for each subject. Within a block, air
puffs were presented in sequential steps of 10 test unit
changes (each unit is equivalent to 7.5X 10—% mm Hg).
The sequential steps ran from subliminal to supraliminal
for ascending blocks and from supraliminal to sublimi-
nal for descending blocks. A 30 second rest period sepa-
rated the blocks. The mean of the lowest detected pres-
sures from the six blocks was used as that subject’s
sensory threshold. Both the right and left sides of the
pharynx and supraglottic larynx were studied. Each
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week the air pump was calibrated by a pressure gauge
that was attached to the pump.

All testing was performed over a one year period and
each subject was tested at least twice over this time

period. In addition, three subjects were tested four
times over a three month period.

STATISTICAL ANALYSIS

To determine differences between right and left sides
the Student’s T-test was used. To determine age related
changes in pharyngeal and supraglottic sensation, a one
way analysis of variance was used. To determine reli-
ability of this device and method, intraclass correlation
analysis was performed.

RESULTS

204 tnals were conducted in 20 healthy adults rang-
ing in age from 24-78 with a mean of 44. The age break-
down of subjects by decade is located in the Table 1.
The results were as follows: Overall, supraglottic and
pharyngeal sensory pressure thresholds were 2.09 mm
Hg (%0.15). Testing for normality revealed a normal
distribution of data points. Using the Students T-test,
there was no statistically significant difference between
the right and left sides. Intraclass correlation revealed
excellent consistency ( R=0.80).

Seven of the twenty subjects studied were over 60
years of age. There appeared to be age-related changes
in supraglottic and pharyngeal sensory discrimination
thresholds which were statistically significant. Specifi-
cally, patients over 60 had a sensory discrimination
threshold of 2.34 mm Hg (Z-0.07) while patients less
than 60 had a sensory discrimination threshold of 2.06
mm Hg (+0.11), p<0.0001 (Table 1). |

At suprathreshold sensory pressure levels, air puff
stimulation generally resuited in gagging by the test
subject. Repeat sensory testing after the gagging ceased
did not alter sensory pressure thresholds. The duration
of testing was on the average no more than 10 minutes
longer than the time it took to perform a typical flexible
fiberoptic laryngoscopic examination.

In more than 200 trials there were absolutely no ad-
verse reactions to the sensory testing procedure. In

particular, there were no episodes of epistaxis, infection
Or alrway compromise.

DISCUSSION

The need for objectively evaluating supraglottic and
pharyngeal sensation has already been elaborated. Uti-
lizing the basic principles of air puff stimulation a new
apparatus and method has been described. In 204 trials
in 20 subjects, our new method has been found to be
easlly and reproducibly performed, safe and a statisti-
cally accurate method of testing.

An interesting finding was that there was a statisti-
cally significant difference between sensory thresholds
of person younger and older than 60 years. Studies on
aging and sensation have established that as one ages
sensory discriminatory ability diminished in the oral
cavity (10, 11). In general, as one gets older aspiration
during swallowing is more likely to occur (2, 12). The
primary explanations for these observations are oral and
pharyngeal motor dysfunctions such as abnormal lin-
gual activity, poor lingual-palatal seal and pharyngeal
pooling. The possible contribution of pharyngeal and
supraglottic sensory abnormalities towards the develop-
ment of aspiration has not been addressed.
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It is our hypothesis that as one gets older, supraglottic
and pharyngeal sensory discrimination thresholds be-
come progressively greater. This sensory deficit may
compound the known motor deficits thus playing a

12

8. Gardner, EP, Spencer, WA: Sensory Funneling. 1.
Psychophysical Observations of Human Subjects and
Responses of Cutaneous Mechanoreceptive Afferents in
the Cat to Patterned Skin Stimuli. J Neuro Physiol. 35:

significant role in the development of dysphagia and/or 5 954-977, 1972.

aspiration in these patients.

It must be noted that although the present invention
1S described by reference to particular embodiments
thereof, many changes and modifications of the inven-
tion may become apparent to those skilled in the art
without departing from the spirit and scope of the in-
vention, which 1s only limited by the appended claims.
For example, the first outlet branch of the Y-shaped
tube or the delivery tube could be integrated into a
flexible fiberoptic telescope instead of being attached
thereto. Additionally, the first and second outlet
branches of the Y-shaped tube could be of different
lengths or cross-sections, with the transducer circuit
being calibrated accordingly, so that the display never-
theless displays the pressure at the distal end of the first
outlet branch. Likewise, the delivery tube and the sen-
sor tube could be of different lengths or cross-sections,
with a similar calibration correction made by the trans-
ducer circuit. Therefore, the embodiments shown and
described are only illustrative, not restrictive.

TABLE 1

SUPRAGLOTTIC
SENSORY DISCRIMINATION THRESHOLDS (mm Hg)

AGE N MEAN +/— S.D.

20-30 5 2.03 +/— 0.14

31-40 7 2.06 +/— 0.10 ) 2.06 +/— 0.11*

41-50 1 2.10 +/— 0.80

51-60 0

61-70 yi 2.25 +/— 0.08 |

2.34 4-/— 0.07 5

71-80 5 2.40 +/— 0.04 } +/ 3
TOTAL 20 2.09 +/— 0.15
*p < .0001
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What 1s claimed is:

1. An apparatus for testing sensation in a patient at a
test site in the upper aero digestive tract, comprising:

control means for setting a time duration value and a
pressure value of a time and pressure controlled
puff of |

means for generating the time and pressure controlled
puff of air in response to said set time duration
value and said pressure value; and

means, connected to said means for generating, for
delivering the controlled puff of air to the test site.

2. The apparatus of claim 1, wherein the means for
generating a time and pressure controlled puff of air
further comprises:

a source of high pressure air;

a pressure regulator receiving the high pressure air:

a valve receiving regulated air from the pressure
regulator; and

means for controllably driving the valve to open and
closed positions.

3. The apparatus of claim 2, wherein the means for
controllably driving the valve to open and closed posi-
tions further comprises:

a trigger circuit producing trigger signals;

a valve driver producing drive signals responsive to
the trigger signals input from the trigger circuit;
and

an electrically controlled valve, the open or closed
state of which is responsive to drive signals input
from the valve driver.

4. The apparatus of claim 3, wherein the trigger cir-

cuit produces variable duration trigger signals.

5. An apparatus for testing pharyngeal and supraglot-
tic sensation 1n a patient at a test site in the pharynx or
larynx region, comprising:

control means for setting a time duration value and a
pressure value of a time and pressure controlled
puff of air;

means for generating the time and pressure controlled
puff of air in response to said set time duration
value and said pressure value; and

means, connected to said means for generating, for
delivering the controlled puff of air to the pharynx
or larynx region. .

6. The apparatus of claim 5, wherein the means for

Mountcastle, VB: The Sense of Flutter Vibration: Com- 65 generating a time and pressure controlled puff of air

parisons of Human Capacity with Responses Patterns of

Mechanoreceptive Afferents from the Monkey Hand. J
Neurol Physiol. 31: 301-334, 1968.

further comprises:
a source of high pressure air;
a pressure regulator receiving the high pressure air:
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a valve receiving regulated air from the pressure
regulator; and

means for controllably driving the valve to open and
closed positions.

7. The apparatus of claim 6, wherein the means for
controllably driving the valve to open and closed posi-
tions further comprises:

a trigger circuit producing trigger signals;

a valve dnver producing drive signals responsive to
the trigger signals input from the trigger circuit;
and

an electrically controlled valve, the open or closed
state of which is responsive to drive signals input
from the valve dnver.

8. The apparatus of claim 7, wherein the trigger cir-

cuit produces variable duration trigger signals.

9. An apparatus for testing sensation in a patient at a
test site in the upper aero digestive tract, comprising:

a Y-connector with an inlet end and first and second
outlet ends;

a pressure transducer;

means for delivering a time and pressure controlled
puff of air to the inlet end of the Y-connector;

a delivery tube with an inlet end and an outlet end,
the delivery tube inlet end being connected to the
first outlet end of the Y-connector and the delivery
tube outlet end being inserted into the patient’s
nasal passage and terminating adjacent the test site;

a sensor tube with an inlet end and an outlet end, the
sensor tube inlet end being connected to the second
outlet end of the Y-connector and the sensor tube
outlet end being connected to the pressure trans-
ducer; and |

display means responsive to the pressure transducer
for displaying a value of pressure detected by the
transducer.

10. The apparatus of claim 9, wherein the delivery
tube and the sensor tube are substantially the same
length.

11. A method for testing sensation in a patient at a test
site in the upper aero digestive tract, comprising:

generating a time and pressure controlled puft of air;
and

delivering the controlled puff of air to the test site.

12. The method for testing sensation in a patient at a
test site in the upper aero digestive tract of claim 11,
further comprising:

generating a plurality of time and pressure controlled
puffs of air, each succeeding puff of air being of a
higher pressure than the last; and

delivering the plurality of time and pressure con-
trolled puffs of air to the test site in sequence.

13. The method for testing sensation in a patient at a
test site in the upper aero digestive tract of claim 12,
wherein the step of generating a plurality of time and
pressure controlled puffs of air further comprises the
step of generating, as a first puff, a puff of air with a
subliminal pressure, and as a last puff, a puff of air with
a supraliminal pressure.

14. The method for testing sensation in a patient at a
test site in the upper aero digestive tract of claim 11,
further comprising:

generating a plurality of time and pressure controlled
puffs of air, each succeeding puff of air being of a
lower pressure than the last; and

delivering the plurality of time and pressure con-
trolled puffs of air to the test site in sequence.
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15. The method for testing sensation in a patient at a
test site in the upper aero digestive tract of claim 14,
wherein the step of generating a plurality of time and
pressure controlled puffs of air further comprises the
step of generating, as a first puff, a puff of air with a
supraliminal pressure, and as a last puff, a puff of air
with a subliminal pressure.

16. A method for testing pharyngeal and supraglottic
sensation in a patient at a test site in the pharynx or
larynx region, comprising:

generating a time and pressure controlled puff of air;

and

delivering the controlled puff of air to the pharynx or

larynx region.

17. The method for testing pharyngeal and supraglot-
tic sensation in a patient at a test site in the pharynx or
larynx region of claim 16, further comprising:

generating a plurality of time and pressure controlled

pufts of air, each succeeding puff of air being of a
higher pressure than the last; and

delivering the plurality of time and pressure con-

trolled puffs of air to the pharynx or larynx region
in sequence.

18. The method for testing pharyngeal and supraglot-
tic sensation in a patient at a test site in the pharynx or
larynx region of claim 17, wherein the step of generat-
ing a plurality of time and pressure controlled puffs of
air further comprises the step of generating, as a first
puff, a puff of air with a subliminal pressure, and as a last
puff, a puff of air with a supraliminal pressure.

19. The method for testing pharyngeal and supraglot-
tic sensation in a patient at a test site in the pharynx or
larynx region of claim 18, wherein the difference be-
tween succeeding puffs of air is about 7.5 10—2 mm
Hg.

20. The method for testing pharyngeal and supraglot-
tic sensation in a patient at a test site in the pharynx or
larynx region of claim 16, further comprising:

generating a plurality of time and pressure controlied

puffs of air, each succeeding puff of air being of a
lower pressure than the last; and

delivering the plurality of time and pressure con-

trolled puffs of air to the pharynx or larynx region
in sequence.

21. The method for testing pharyngeal and supraglot-
tic sensation in a patient at a test site in the pharynx or
larynx region of claim 20, wherein the step of generat-
ing a plurality of time and pressure controlled puffs of
air further comprises the step of generating, as a first
puff, a puff of air with a supraliminal pressure, and as a
last puff, a puff of air with a subliminal pressure.

22. The method for testing pharyngeal and supraglot-
tic sensation in a patient at a test site in the pharynx or
larynx region of claim 21, wherein the difference be-
tween succeeding puffs of air is about 7.5 10—2 mm
Hg.

23. A method for testing pharyngeal and supraglottic
sensation in a patient at a test site in the pharynx or
larynx region, comprising:

generating six blocks of time and pressure controlled

pufls of air, each block including ten puffs of air,
each succeeding puff of air in a block differing by
a pressure of about 7.5X 10—2 mm Hg as compared
to the preceding puff of air: and

delivering each block of time and pressure controlled

puifs of air to the pharynx or larynx region, with a
rest period between blocks of about 30 seconds.
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24. The method for testing pharyngeal and supraglot-
tic sensation in a patient at a test site in the pharynx or
larynx region of claim 23, wherein the step of delivering
each block of time and pressure controlled puffs of air
to the pharynx or larynx region further comprises deliv-
ering each puff of air at a random time within a ten
second window.

25. The method for testing pharyngeal and supraglot-
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tic sensation In a patient at a test site in the pharynx or
larynx region of claim 24, wherein the pressure of the
first puff of air in about one-half of the blocks is sublimi-
nal and the last puff of air is supraliminal, and the pres-
sure of the first puff of air in the other one-half of the
blocks 1s supraliminal and the pressure of the last puff of
air 1s subliminal. |

. ® % * * %
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